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Abstract: Taste sensitivity to the bitter compound 6-n-propylthiouracil (PROP) is 
considered a marker for individual differences in taste perception that may influence food 
preferences and eating behavior, and thereby energy metabolism. This review describes 
genetic factors that may contribute to PROP sensitivity including: (1) the variants of the 
TAS2R38 bitter receptor with their different affinities for the stimulus; (2) the gene that 
controls the gustin protein that acts as a salivary trophic factor for fungiform taste papillae; 
and (3) other specific salivary proteins that could be involved in facilitating the binding of 
the PROP molecule with its receptor. In addition, we speculate on the influence of taste 
sensitivity on energy metabolism, possibly via modulation of the endocannabinoid system, 
and its possible role in regulating body composition homeostasis. 
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1. Introduction 
Taste is the sensory modality that enables organisms to distinguish nutrient-rich food from noxious 
substances, and acts as a final checkpoint for food acceptance or rejection behavior [1,2]. In humans, it 
is generally assumed that the taste system can differentiate five primary sensory qualities (sweet, 
umami, sour, salty, and bitter). These taste qualities act synergistically to orchestrate appetitive 
responses to energy- and protein-rich food sources (sweet, fatty acids and umami), govern intake of an 
adequate amount of sodium (low-salt taste), and warn against the ingestion of toxic substances or 
excess salt (bitter, sour and high-salt tastes) [2]. In addition, the ability to taste fatty acids has been 
recently proposed as a sixth primary sensory quality [3] and has been confirmed by different  
groups [4–6]. Interestingly, fatty acids are detected by the plasma membrane lipid-binding protein 
CD36, which plays a crucial role in the oro-sensory perception of dietary lipids in mammals [6,7]. 
Indeed, CD36 gene disruption has been shown to abolish fat preference and intake in the mouse [8,9]. 
In addition, humans seem to discriminate among fatty acids, probably based on the presence of double 
bonds, and genetic variation in taste sensitivity to PROP seems to affect chemosensory responses to 
unsaturated fatty acids [4]. 
Taste sensitivity varies greatly among individuals and may be one of the most important determinants 
influencing food choice and therefore the nutritional status and health of the individual [10]. It is well 
known to even the casual observer that the same kind of food can taste very different to two 
individuals. This difference depends, in part, on cultural and social factors, but there is also an 
important genetic component. The genetic component of taste variability could be the result of 
evolutionary adaptation mechanisms to specific environments to recognize substances potentially 
harmful or necessary for bodily functions [11]. For example, since many bitter-tasting substances can 
be toxic, the ability of humans to detect bitterness at low concentrations represents an evolutionary 
adaptation for limiting their consumption [12]. On the other hand, several classes of bitter polyphenols, 
such as those found in tea, coffee, dark-colored fruit, citrus, and chocolate, provide positive health 
benefits, so low sensitivity encourages their consumption [13,14]. 
Whether taste sensitivity plays a role in controlling the metabolism of ingested nutrients is still 
debated. It is also unclear under which mechanisms taste sensitivity may influence macronutrient 
intake. Importantly, foods are consumed as macromolecules (e.g., proteins, starches, triglycerides) not 
as isolated components. However, the gustatory system is configured to respond to single units and 
breakdown products such as amino acids, free fatty acids, and mono- and di-saccharides. With the 
exception of the saccharides, these components are not abundant in human diets. Digestive enzymes 
such as amylase and lipases are present in saliva that degrade macronutrients into these single  
units [15]. These molecules can then interact through a variety of oral sensing mechanisms to convey 
signals about the quantity and quality of the ingested nutrients contributing to the efficient metabolism 
and disposal of such nutrients. It would also be crucial for this system to respond to danger by sensing 
the presence of excess free fatty acids or amino acids that may indicate the presence of food 
degradation or contamination by hydrolytic microorganisms. Understanding the range of oral 
sensibilities in human beings and how it is influenced by genetic and environmental variables may lead 
to important insights about the role of taste in food intake regulation and metabolism. 
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2. Physiological Overview of Taste Sensitivity 
Taste in humans begins with the activation of the epithelial-derived taste cells where taste reception 
and signal transduction mechanisms are located. Groups of taste cells (50 to 100) are organized into 
taste buds situated on the surface of papillae. There are three different functional taste papillae types 
that are topographically arranged mostly on the superior surface of the tongue. Fungiform papillae are 
found in the anterior two-thirds of the tongue, foliate papillae on the lateral sides, and circumvallate 
papillae on the posterior one-thirds. 
Taste buds show an elegant functional organization in which different cell types with opposing 
effects of positive and negative feedback are integrated to shape the neural output transmitted to the 
hindbrain [2]. Bud cells are distinguished into functional classes by combined analyses of gene 
expression and cellular function. Overall, Type I cells appear to function as glia in taste buds, though 
they may exhibit ionic currents implicated in salt taste transduction [16]. Type II cells are “receptor” 
cells for the transduction of sweet, bitter, and umami taste stimuli. G protein-coupled receptors 
(GPCRs) localized to the plasma membranes of Type II cells bind sweet, bitter, or umami compounds. 
Each GPCR class is expressed in its own distinct taste cell type, which responds to ligands that bind 
those specific receptors [17]. This one-taste/one-cell-class coding scheme is a mechanism through 
which taste qualities are detected and codified on the tongue [18,19]. Sweet and umami transduction 
are mediated by a small family of heterodimer GPCRs: T1R2 + T1R3 for sweet-tasting  
compounds [17,20,21]; and T1R1 + T1R3 for umami [22,23]. Some authors have also suggested that 
other candidate receptors for sweet and umami may exist [24–26]. Finally, bitter taste is mediated by a 
large family of GPCRs known as T2R receptors. Humans possess ca. 25 T2Rs encoded by clusters of 
genes located on chromosomes 5p, 7q, and 12p [27]. T2Rs respond to a diversity of bitter taste 
molecules [28–32], but they exhibit different ranges of specificity: some are a highly-selective, 
responding to a limited number of compounds, while other are highly promiscuous, responding to 
numerous bitter compounds [32]. Type II cells also express voltage-gated Na+ and K+ channels as well 
as hemichannels (Panx1) involved in the generation of action potentials and in the taste-induced ATP 
secretion to excite specific ATP receptors in nervous fiber and taste cells. These “receptors cells” do 
not form specialized synapses with taste sensory nerve fibers, which exist in close proximity to their 
basal pole. Type III cells are labeled “presynaptic cells” as they form synaptic junctions with gustatory 
nerve terminals [33–36]. “Presynaptic cells” release at least two neurotransmitters, serotonin (5-HT) 
and norepinephrine (NE). Type III cells respond directly to sour taste stimuli and carbonated (CO2) 
solutions by way of ion channels [37–40] but, they can also integrate signals that they receive from 
Type II cells. Thus, Type III cells are not specific for a given sensory quality, but instead respond to 
compounds of all qualities. Finally, a class of nonpolarized and undifferentiated cells termed “basal 
cells” are also present in taste buds. 
Stimulants evoke a series of chemical signals that are integrated in the taste bud before taste 
information is transmitted to gustatory nerve fibers. The activation of Type II cells by sweet, bitter or 
umami stimuli induces secretion of ATP through Panx1 hemichannels. The extracellular ATP exerts 
three different functions mediated by ATP receptors (P2X, P2Y): activation of gustatory afferent nerve 
fibers; activation of adjacent presynaptic cells which release 5-HT and/or NE; and autocrine signaling 
via a positive feedback mechanism onto receptor cells that increases their own secretion. 
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Taste signals integrated in taste buds are transmitted by fibers of the three cranial nerves (VII, IX 
and X) to the rostral portion of the solitary tract nucleus (NST) of the medulla. This information is 
transferred to the thalamus (ventral posteromedial nucleus), and hence to the gustatory areas of the 
cortex in the insula where it gives rise to the taste sensation. Local projections from the NST within the 
brainstem mediate non-cortical behavioral responses, such as those related to food ingestion or 
rejection. Gustatory signals from the NST also project to feeding centers in the amygdala and the 
hypothalamus where they can modulate hunger and fullness. 
How the taste signals integrated within taste buds are translated into a neural code for the perception 
of different taste qualities remains an open question. Three theories have been widely discussed: the 
labeled line (LL) theory which states that dedicated fibers transmit each sensory quality; the across 
fiber pattern (AFP) theory which posits that qualities are encoded by patterns of activity across several 
fibers; and finally a theory of temporal coding. According to the temporal coding theory, taste qualities 
are decipheredby different frequencies and/or timing patterns of action potential discharges [41,42]. 
Although, researchers in the field agree that labeled taste lines exist [2], it is certain that, like cells in 
taste buds, some fibers respond strongly to a single taste quality, while others are responsive to 
multiple taste qualities. 
The minimal gustatory circuitry and basic taste models described above are not sufficient to explain 
complex behavioral taste-induced processes. Moreover, the taste network in the brain is too extensive 
(over 20 brain regions are implicated in taste processing) and heavily interconnected (over 40 
connections) via reciprocal pathways, to be adequately described by traditional feed-forward models of 
taste coding [43]. The internal dynamics of this extensive neural network have profound effects on 
gustatory perception and behavior, and must be considered to effectively link taste detection, and food 
preferences, with appetite regulation. 
3. Genetic Factors Contributing to PROP Sensitivity 
The genetic basis of taste variability was accidentally discovered by Arthur L Fox in 1931, while he 
was working in his laboratory to synthesize non-nutritive sweeteners. Fox found that people varied in 
their response to the bitter synthetic compound phenylthiocarbamide (PTC). Subsequent tests showed 
that about 30% of individuals could not taste PTC (non-tasters), whereas the majority could taste it as 
moderately or intensely bitter (tasters) [44]. These same findings have also been reported for PROP 
which is chemically similar to PTC [45]. By using suprathreshold screening methods, Bartoshuk and 
co-authors first identified a subgroup of tasters, named super-tasters, who were very sensitive to 
PROP/PTC [46,47]. The frequency of non-tasters varies greatly among populations around the globe 
(from as low as 7% to more than 40%) and depends on race and ethnicity [48]. 
Some studies have consistently reported that individuals who differ in their taste response to 
PROP/PTC are also anatomically different. In particular, there is considerable evidence that  
super-tasters have a greater density of fungiform taste papillae on the anterior surface of the tongue, 
when compared to the other PROP taster groups [47,49–54]. 
The ability to taste PROP is a heritable trait [55]. The gene most closely associated with PROP 
phenotype variance is TAS2R38 that expresses receptors that bind the N–C=S group responsible for  
the bitter taste of thiourea compounds [56,57]. The allelic diversity in this gene is due to three  
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single-nucleotide polymorphisms (SNPs) which result in three amino acid substitutions (Pro49Ala, 
Ala262Val, and Val296Ile) and give rise to two common haplotypes: PAV, the dominant taster variant 
and AVI, the non-taster recessive one. Also, rare haplotypes (AAV, AAI, and PVI) have been 
observed to contribute to intermediate PROP/PTC sensitivity [56,57]. Haplotypes of this gene do not 
completely explain phenotypic differences in PROP tasting, especially between medium tasters and 
super-tasters. This discrepancy implies that other factors may be involved in the expression of this 
complex trait, in addition to the TAS2R38 variants and their different affinities for the stimulus  
(Figure 1). For example, Hayes and co-workers [58] suggested that other bitter receptors may be 
involved in tasting PROP, especially at high concentrations, and could explain the misclassification of 
some AVI homozygous individuals in their study. In another study, Lipcock et al. showed that PROP 
bitterness intensity was strongly associated with mRNA expression of the PAV-TAS2R38 allele, an 
(indirect) index of receptor protein production [59]. Finally, other studies using a variety of approaches 
have suggested that modifying genes may also play a role in the ability to taste PTC/PROP [60–62]. 
Figure 1. Graphic diagram representing the principal genetic factors that contribute to 
PROP taste sensitivity phenotype. These factors include: the salivary trophic factor gustin, 
a protein that provides the mechanistic explanation for why PROP super-tasters are more 
responsive to stimuli that are not mediated via the TAS2R38 bitter receptor; TAS2R38 
variants with their different affinities for the PROP stimulus; specific salivary peptides 
belonging to the basic proline-rich protein family (bPRP), which could facilitate binding of 
PROP with its receptor site; the involvement of other bitter receptors which may be 
associated with supertasting and PROP bitterness; and greater mRNA expression 
associated with the PAV allele of the TAS2R38 receptor which correlates with greater 
PROP bitterness perception. 
 
Individual differences in PROP bitterness have also been attributed to many other factors including 
the chemical composition of saliva, its physical properties and the number, size and morphology of 
taste papillae. Taste stimuli, in the mouth, must diffuse through the salivary fluid layer to penetrate the 
taste pore. Once they gain access to the taste pore cavity, taste molecules interact with receptor sites  
on the plasma membrane of microvilli, which extend from the apical portion of taste cells [63].  
This process includes the solubilization of chemicals in saliva and their interaction with salivary 
components. In this respect, saliva is a key element of the initial processes of taste transduction, and its 
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chemical-physical variation can affect taste sensitivity, as well as the health and integrity of the  
taste cells [63]. 
As early as the first half of the twentieth century, Fox [44] suggested that the interaction between 
salivary chemical constituents and taste stimuli could explain the large phenotypic differences in the 
bitter taste perception of thiourea compounds. Fox speculated that the taste blindness of non-tasters 
may be due to the presence in saliva of products (such as proteins or colloids) which precipitate taste 
substances inhibiting their perception. Since that time, a large body of literature has focused on the 
ability of salivary proteins, such as the Proline Rich Proteins (PRPs), to bind and precipitate plant 
polyphenols in the oral cavity during astringency perception [64–67]. A recent study has focused on 
the salivary proteome as an additional layer of genetic diversity that contributes to individual 
differences in the PROP bitterness perception [68]. In this study, PROP responsiveness was directly 
associated with levels of two salivary peptides belonging to the basic proline-rich protein family 
(bPRP), namely Ps-1 and II-2, which derive from the cleavage of pro-proteins expressed by S, M, and 
L alleles of the PRB1 gene [69]. Since the Ps-1 protein only derives from the M allele of this gene, 
Cabras and colleagues [68] speculated that PROP super-tasting, which was related to high Ps-1 levels, 
might also be associated with the M allele of this gene. 
The functional meaning of these proteins in saliva and the physiological mechanisms by which they 
facilitate the perception of PROP bitterness have been further investigated by Melis et al. [70]. These 
authors showed that oral supplementation with Ps-1 protein in subjects lacking it in saliva markedly 
increased their PROP bitter taste responsiveness, and the effect was more potent in non-tasters than in 
the other PROP taster groups. In addition, these studies highlighted the importance of constituent 
amino acids (L-Arg and L-Lys) that selectively interact with the PROP molecule by facilitating its 
binding with the TAS2R38 taste receptor. 
The multiplicity of genetic and environmental factors that appear to influence PROP sensitivity, as 
well as the inherent genetic diversity in this trait across populations, make it difficult to identify 
individual, relevant factors that contribute to PROP tasting. In this regard, the study of genetically 
homogeneous populations are valuable since they tend to minimize background noise associated with 
the characterization complex traits. We studied a homogenous genetic cohort on the island of Sardinia 
and showed that a key factor strongly associated with PROP taste sensitivity is the polymorphism, 
rs2274333 (A/G), located in the gustin (CA6) gene that controls the zinc-dependent salivary protein of 
the same name [53,71]. Gustin protein was previously described as a trophic factor for taste buds [72]. 
This polymorphism results in the amino acid substitution at position Ser90Gly in the gustin protein 
sequence. In the Sardinian population, PROP super-tasters more frequently were homozygous for the 
A allele and expressed the more active enzyme iso-form, whereas non-tasters more frequently carried 
the GG genotype and expressed the less functional form of the protein [71]. Individuals with the GG 
genotype also had a lower density of fungiform papillae and exhibited a higher proportion of unusually 
large and distorted fungiform papillae, than did subjects with the more functional allele, suggesting an 
association of the gustin gene with growth and maintenance of taste papillae [53]. Moreover, Melis and 
co-workers [53] showed, in in vitro experiments, that isolated cells thrive better when exposed to 
saliva from AA subjects or the corresponding active iso-form (Ser90) of the protein, thus reinforcing 
the association between the gustin gene and the formation and function of papillae. Although gustin 
and TAS2R38 have been shown to have independent effects on PROP tasting, together they account 
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for up to 60% of the variance in PROP bitterness intensity. In contrast, only 40% of the variance in 
PROP taste threshold is due to the combined effects of gustin and TAS2R38 [73]. In addition, the 
contribution of the gustin gene in each TAS2R38 genotype group showed that a single A allele was 
sufficient for individuals to exhibit decreased thresholds while two alleles (AA) were needed to 
determine increased bitterness intensity. These data suggest that the PAV variant receptor is more 
important for perceiving high concentrations of PROP, while the gustin gene is more relevant for 
detecting low concentrations. The role of gustin remains controversial, however, since some studies 
have shown no relationship between gustin polymorphisms and PROP sensitivity or papillae density in 
genetically-diverse cohorts. Specifically, Genick and co-authors [74] found no relationship between 
gustin and PROP phenotypes in a genome-wide association study conducted in Brazil. Likewise, 
Feeney and Hayes [75] failed to find evidence that CA6 affects PROP taste perception by modifying 
fungiform papillae density in a genetically mixed cohort in the United States. 
Controversial data exist on the involvement of gender in individual differences in PROP perception. 
Some studies showed that women are more frequently tasters compared with men [47,76,77].  
Women are also more likely to be super-tasters, [47] and to have more taste buds and fungiform 
papillae. However, other authors did not report these same results [53,78,79]. 
4. Nutritional Implications of PROP Bitter Taste Sensitivity 
Several studies in human nutrition have suggested that the PROP phenotype may serve as a general 
marker for oral sensations and food preferences, thus influencing dietary behavior and nutritional 
status [10]. It has also been reported that PROP super-tasters have a higher sensitivity than non-tasters 
to various oral stimuli, including other bitter-tasting compounds and foods such as dark chocolate, 
black coffee, caffeine solutions, soy products and green tea [80], sweet substances, chemical irritants 
(chili or ethanol), and the texture of fats [46,50,54,81–90]. Other reports show that those individuals 
who perceive PROP as extremely bitter typically show a lower acceptance of Brassica vegetables, and 
also avoid strong-tasting versions of foods that do not contain the thiourea groups including sweets, 
spicy foods and alcoholic beverages [10,54,90–96]. Given the nutritional importance of dietary lipids, 
the relationship between PROP status and perception and liking of fat have been extensively 
investigated. Most studies [54,90,97–100] but not all [101,102], reported that PROP non-tasters had a 
lower ability to distinguish fat content and creaminess in certain fatty foods. In particular, Tepper and 
Nurse [54] showed that non-tasters could not discriminate a high-fat from a low-fat salad dressing, 
whereas tasters reliably distinguished the two samples. Moreover, PROP non-tasters showed  
higher preferences for dietary fat (such as full-fat milk, high-fat salad dressings and sweet-fat dairy 
mixtures) [90,92,93,99,103,104] and consumed more servings of discretionary fats and high-energy 
foods per day than did tasters [93,105]. Finally, PROP tasters gave higher taste intensity ratings for 
linoleic acid, an essential polyunsaturated fatty acid, compared with PROP non-tasters [4]. 
These findings support the hypothesis of an inverse correlation between PROP tasting and calorie 
consumption and/or BMI, which has been reported in several studies [76,105–108]. However, other 
reports have produced conflicting evidence suggesting that other factors may play a role in defining the 
pathway linking PROP tasting and food perception and preference, with feeding behaviour and body 
weight [102,103,109–113]. 
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5. Variables that May Influence the Relationship between PROP Sensitivity and BMI 
Several studies have focused on identifying the factors that may lead to divergent conclusions about 
the involvement of the PROP phenotype in food preferences, dietary choice and BMI (Figure 2). One 
of the major issues is the difficulty in obtaining an objective measure of a subject’s chemosensory 
phenotype. This could be due, in part, to the lack of universally-accepted psychophysical testing 
methods as well as the inability to directly measure the degree of gustatory system activation in 
humans. Psychophysical approaches include threshold measures to determine the lowest stimulus 
concentration which can be distinguished from reference samples, and suprathreshold methods  
that utilize rating scales to assess responsiveness at higher concentrations [10,47,74,114,115]. 
Suprathreshold methods are highly subjective because individuals utilize scales based on their personal 
experiences [74]. Genick and co-authors estimated that measurement errors account for 20% of PROP 
phenotypic variance [74]. However, both kinds of psychophysics approaches showed high intra-subject 
variability not attributable to measurement errors [74] that are comparable with changes observed by 
others [114,116,117]. 
Figure 2. Graphic diagram showing variables so far identified that influence the 
relationship between PROP taste sensitivity and BMI. 
 
The role of hormonal fluctuations due to the menstrual cycle on taste sensitivity is conflicting [118]. 
Variation in taste perception due to the estrogenic phase has been reported [119–121], suggesting that 
it should be taken into consideration when testing fertile women. However other authors find only 
minimal changes [122]. Several studies suggest that taste sensitivity diminishes with increasing  
age [84,123–125]. The specific effect of age has been shown on PROP bitterness in individuals 
heterozygous for the PAV/AVI diplotype, with children being more responsive to PROP than  
adults [116]. Age was also associated with modestly higher PROP thresholds, accounting for 5%–8% 
of the variance in taste acuity [53,74,77,123]. Although the frequency of non-tasters varies greatly 
among populations around the globe [48], Genick and co-authors found that demographic parameters, 
such as BMI or ethnicity, had only a very small influence on PROP detection threshold [74]. 
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It is known that the cognitive control of eating behavior plays an important role in determining the 
relationship between PROP phenotype and BMI, especially in women [71,106]. Since dietary restraint 
(conscious control of eating) [126] of food intake is often associated with a lower energy intake, 
decreased fat intake [127,128] and a more frequent use of products with low fat content [129,130], it is 
not surprising that restrained subjects are less influenced by taste in choosing foods and more 
influenced by the concern to maintain an acceptable BMI [106]. Accordingly, Tepper and Ullrich [106] 
observed that non-taster women with low dietary restraint showed the expected negative association 
between PROP status and BMI, but this association was masked in women who voluntarily restrained 
their food intake. A second characteristic of eating behavior is disinhibition, that is defined as a loss of 
control over eating in response to various types of stress and negative emotional states (such  
as anxiety, anger), [126]. Disinhibition is strongly associated with disruptions in eating  
behavior [130,131], increased adiposity [106] and higher intake of appetizing energy dense foods, 
which contributes to overweight/obesity [132]. Although Tepper and Ullrich [106] showed that 
disinhibition had a strong independent effect on BMI, it did not influence the relationship between 
PROP status and body weight in their study. In contrast, Tomassini Barbarossa et al. [133] showed that 
PROP non-taster individuals had disinhibition scores that were almost two-fold higher than those of 
super-tasters. Together, these findings suggest that cognitive eating behaviors may vary considerably 
across different subject populations and could exert variable effects on the association between PROP 
and weight status. 
Factors that influence energy metabolism may also affect the relationship between PROP status and 
BMI. One example is the endocannabinoid system that may work to fine-tune body metabolism in 
response to dietary exposure to taste stimuli. The endocannabinoid system regulates “on  
demand” production and degradation, by specific pathways, of arachidonic acid derivatives,  
N-arachidonoylethanolamide (anandamide, AEA) and 2-arachidonoylglycerol (2-AG), and their high 
affinity cannabinoid receptors (CB) 1 and CB 2 [134]. These receptors are widely expressed in 
peripheral tissues and the central nervous system. The endocannabinoid system has been shown to play 
a crucial role in energy metabolism by influencing food intake and reward at the level of the 
hypothalamus and nucleus accumbens respectively, as well as by modulating energy expenditure in 
peripheral tissues in experimental models and humans, as described in a recent and comprehensive 
review [134]. Dietary fatty acids can modulate circulating endocannabinoid levels [135], by affecting 
tissue levels of arachidonic acid, the precursor of the endocannabinoids, as demonstrated in  
mice [136]. Moreover, it has been recently shown that the endocannabinoid system influences dietary 
fat sensitivity in both the oral cavity and intestine via CB1 receptors [137]; endocannabinoids also 
enhance hedonic eating [138]. These data suggest that, the endocannabinoid system may regulate body 
energy storage and metabolism, based on energy needs and genetic factors that influence taste 
sensitivity. To test this hypothesis, we recently investigated whether PROP sensitivity, through its 
influence on eating behavior, also modifies endocannabinoid biosynthesis [133]. Interestingly, we 
found that normal weight non-tasters compared to normal weight super-tasters, had lower circulating 
levels of both AEA and 2-AG. We suggest that lower levels of circulating endocannabinoids may 
counteract the tendency of non-tasters to overeat as a consequence of their higher disinhibition which 
was also observed in this study (Figure 3). Thus, the differences in endocannabinoid levels between 
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super-tasters and non-tasters may represent a mechanism to regulate energy intake and normalize 
impaired feeding behavior. 
Figure 3. Graphic diagram showing a possible mechanism describing the interactions 
among the endocannabinoid system, disinhibition (loss of control over eating) and PROP 
taste sensitivity in the control of body weight. According to this mechanism, lower plasma 
levels of endocannabinoids may counteract overeating in disinhibited, non-tasters, restoring 
food intake and body weight to normal limits. In super-tasters with low disinhibition, 
higher levels of endocannabinoids may be associated with normal regulation of food intake 
and body weight. This mechanism may explain why some non-tasters maintain normal 
BMIs despite the tendency for hedonic overeating in such individuals. 
 
Finally, many bioactive compounds that are regularly present in very low amounts in our diet, or 
added to foods as spices, may influence energy balance. For example, terpenes and polyphenols, with 
strong taste and flavor components, possess sympathomimetic properties that increase thermogenesis 
and boost energy metabolism [139]. Capsaicin, the compound responsible for the burn of chili peppers 
via the TRPV1 receptor, may contribute to body weight management, most likely through activation of 
the sympathetic nervous system [140]. This mechanism is supported by evidence showing that 
impaired sympathoadrenal activity contributes to obesity [141]. PROP non-tasters are less sensitive to 
the sensory properties of these compounds and are more likely to consume them. Thus, non-tasters 
may benefit more from the energy enhancing effects of these compounds than super-tasters who 
consume these compounds less frequently. 
6. Conclusions 
Recent discoveries elucidating the role of PROP and other taste phenotypes, such as gustin, in body 
weight provide critical insights for understanding the influence of taste sensitivity on eating behavior, 
energy metabolism, BMI and health. Gustin may be of particular importance because of its role as a 
trophic factor for taste bud density and maintenance. Future studies should be aimed at evaluating 
genetic, metabolic and anthropometric variables that interfere with the relationship between taste 
sensitivity and BMI in diverse physiological or pathological conditions that may induce substantial 
changes in BMI. 
While genetic factors are not modifiable by dynamic environmental changes, other factors, such as 
the endocannabinoid system is responsive to diet changes, and may function to fine-tune body 
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metabolism according to nutritional content. A more comprehensive approach to weight management 
should consider the influence of dietary fats on the endocannabinoid system as well as the role of 
bioactive flavor compounds in energy metabolism. Thus, better characterization of the factors that 
modify these systems would help us to target populations at-risk and to design diets with tailor-made 
supplements and/or functional foods, to optimize health. 
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